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Abstract 
The Rio Grande do Sul state, in Southern Brazil, is one of the most favorable regions for wind energy exploitation. Therefore, we 
evaluate mesoscale model’s short term (several days) high resolution simulations, analyzing the potential wind power at two 
levels, 50 and 150 m. We compare the results with a wind atlas study from the Brazilian Wind Energy Association. We 
concluded that the mesoscale model produces results similar to those of the atlas, and it can be used both to characterize the long 
term wind energy production and to estimate the short term extreme variations. 
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1. Introduction 
In recent years, several wind farms were built in the coast of Rio Grande do Sul state and more are planned for 
the frontier region with Uruguay. This region of Brazil was identified, in Brazilian wind energy studies, as the most 
favorable to the development of wind power energy, along with the Northeast part of the country. There are several 
reasons for this. In the Southern region about half of the terrain is flat, covered with grass for extensive cattle raising 
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or rice and other plantations; there is a extensive network for distribution of electrical energy, and also for transport 
by road, air, river, and lakes, which facilitate the installation of new wind farms [1]. 
Climate conditions are certainly different in the two regions. In the Northeast region of Brazil, the winds are trade 
winds, not very intense, but constant both in direction and speed. On the other hand, in the Southern region both 
tropical and extratropical phenomena have influence on the winds. Along the coast, intense Northeastern winds 
blow during most of the year, due to the influence of the South Atlantic Anticyclone. The wind increases in intensity 
and its direction moves to the southern sector when there are frontal systems or cyclones acting in the region [2]. 
This region is both a frontogenetic and cyclogenetic region [3]. Therefore, the power of wind in the South is not due 
to the constant velocity that exists in the Northeast region, but due to the intermittent intense speed of different 
directions associated to diverse phenomena. The recent Wind Atlas of the Brazilian Association of Wind Energy [1] 
indicates that in the long term, of at least a decade, the potential power of the Southern region is high. However, the 
wind power potential of this region in a shorter time scale, mensal or intraseasonal, has not been studied in detail. 
The computational power available today allows the simulation of atmospheric flows for small scales. For 
instance, one of the authors participated in a research that demonstrated the interaction between the lake and 
maritime breeze in this region through the use of an atmospheric model [4]. Site assessments of wind power, over 
long periods to estimate the power production and forecasts over short periods, can be used for planning of power 
distribution and enhancements on Brazil’s present capacity to use this resource. 
In this investigation, we use the atmospheric mesoscale model Weather Research and Forecast [5] to evaluate the 
wind conditions and wind energy potential of southern Brazil. We compare our short term simulations with the 
average long term results from the Brazilian Wind Atlas [1] and with variations due to local weather systems. We 
also validate the simulations with meteorological measurements from a site located in 32o05’ S and 52o25’ W. 
The paper is divided in 4 sections. In Section 2 we describe the methodology and the setup of WRF simulations. 
In Section 3 we discuss the results of the mesoscale simulations, and finally we present some conclusions and 
propose continuations of this study in Section 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure1. Topography of the area of simulation, where the colors indicate heights in m. To the left, there is northern Argentina and most of 
Paraguay (in the top). Uruguay is near the center, to the left. The grid is centered in 32o S and 52o W. 
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2. Methodology 
We use the Advanced Research Weather Research and Forecasting (ARW-WRF), an open source mesoscale 
weather forecast software. For the simulations in this paper we used ARW-WRF version 3.5 [5]. The calculation 
domain is centered in 32oS and 52oW, in the southern region of Rio Grande do Sul state. The horizontal grid had 20 
km, with 100 points in each direction. The initial conditions of the simulation are taken from the global weather 
forecast in the time period from October 1st to October 31st, 2006 [6].  
Figure 1 shows the topography of the simulation. The area of interest is the Rio Grande do Sul state, which goes 
from 57.5o W to 50.5oW and from 34oS to 27oS. The frontiers with Uruguay and Argentina are noticeable. Although 
there are mountains of some height in the Northeastern part of the state, most of the Southern half is very flat. 
 
 
 
 
 
 
 
 
Figure 2 Temperature measured at 8 m height, 10 min average, in blue; simulations in green, light green, and in bronze, for the time of 0, 6, 12, 
and 18 UTC, from October, 1st to 31, 2006. 
 
 
 
 
 
 
 
 
Figure 3 Pressure, measured at 8 m height, 10 min average, in blue; simulations in green, light green, and in bronze, for the time of 0, 6, 12, and 
18 UTC, from October, 1st to 31, 2006.  
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The center of the calculation domain is at 32o S and 52oW, near the point where the turbulence measurements 
were performed in October, 2006. They were initiated with global data from the National Center for Atmospheric 
Research [6]. The measurements were used to validate the simulations [7]. Figure 2 presents the graphical results of 
this validation, which was also performed by evaluations of errors [8]. The temperature and pressure temporal 
variations show the passage of several frontal systems in the period of study. They are associated to low pressure 
and high temperatures, followed by high pressure and low temperature. The horizontal velocity (which is not 
presented in this article) also is more intense during these events.  
The wind power potential was calculated for a generic turbine, with a blade length of 52 m, using the expression:  
ൌ ͳʹ ͵                                                                      (1) 
where P is the wind power energy (in watts), d is the air density (equal to 1.23 kg/m3), A is the area section, which is 
equal to 8500 m2 , and v is the intensity of the horizontal velocity or velocity speed. The evaluation was done for a 
turbine placed at 50 m and 150 m. A threshold was chosen for a turbine production of 1.5 MW to estimate the 
potential of the site. 
 
 
 
 
 
 
 
Figure 4 Average, for the month of October, 2006, for the wind energy potential field, on the left considering a turbine placed at 150 m height 
and, on the right, at 50 m. 
 
 
 
 
 
 
 
Figure 5 Standard deviation of the average, during the month of October, 2006, for the wind energy potential field considering a turbine placed at 
150 m height, in the left, and, in the right, at 50 m.  
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3. Results 
The monthly average indicates several small regions with a higher value of energy. Only the inland area is being 
considered. Average production higher than 1.5 MW was of 72.9% for a turbine at 150 m height but only 13.1% for 
one at 50 m height. The standard deviation indicates that the regions of higher averages area are also the regions of 
most variation (Figure 3). 
In Northern region of the state, the higher altitudes provide an explanation for the greater standard deviations 
(Figure 4). Although the power is higher, these regions present several difficulties for the implementation of wind 
farms. The difficulties of access, for instance, create more problems for the installation, the maintenance of 
equipments, and the distribution of energy, than in a flat terrain. Therefore, the Southern region has important 
advantages when all factors are considered.  
4. Conclusions 
This initial study indicates the variability of the region in terms of wind power availability. It can be extended to 
the study of extreme situations, as the case of very strong winds that knocked down 8 wind turbines in this region on 
the 20th of December of 2014. Simulations with high spatial and temporal resolution details will be the next step in 
this investigation. 
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